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blastema extract could reenter the cell cycle. We tested whether
the muscle dedifferentiation induction capability is also
conserved in regeneration blastema from the teleost S.
macrurus, a vertebrate with a robust ability to replace all
tissues after tail amputation. We cultured mouse C2C12 cells in
the presence of S. macrurus blastema extract (SMBE; 0.025–
0.05 mg/ml) at different stages of differentiation. SMBE
inhibited myotube formation, but treatment with adult muscle
extract or control vehicle did not. A similar inhibition was
observed with TGFb and bFGF. Inhibition of myotube
formation by SMBE was reversible; hence, myoblast cells
retained the capacity to fuse. Unlike the SMBE-induced
proliferation effect on myoblasts as determined by BrdU
labeling, SMBE had a toxic effect on most mature myotubes
within 15 min of treatment. No BrdU label was detected in
myotubes that survived. Our data suggest that SMBE contains
factors that promote mammalian C2C12 cells to proliferate and
an activity that specifically affects myotube survival in culture.
The nature of this activity is unclear. Further, the absence of
BrdU label in C2C12 myotubes suggests that a dedifferenti-
ation induction capability is not conserved in SMBE.
doi:10.1016/j.ydbio.2006.04.091
74
Limb regeneration following amputation of chick wing
buds suggests additional roles for SHH and FGF
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Loma Linda University, Loma Linda, CA, USA
Fibroblast growth factors (FGFs) of the apical ectodermal
ridge (AER) and sonic hedgehog (SHH) of the zone polarizing
activity (ZPA) are considered to be driving factors behind limb
outgrowth and patterning, respectively. Distal amputation of
the chick wing bud abates limb outgrowth. Exogenous
application of FGF to the posterior margin of the limb stump,
following distal amputation, reestablishes SHH expression,
regenerates amputated tissue and rescues limb outgrowth.
However, application of FGF to the anterior margin of the
limb stump does not induce SHH and fails to rescue limb
outgrowth. The relationship between SHH and FGF during
limb regeneration is not yet clear. To determine the roles of
SHH and FGF in chick wing bud regeneration, we ectopically
expressed SHH (or a GFP control) by confined micro-
electroporation within the anterior margin of HH stage 23
limb stumps followed by distal (500 Am) amputation in the
presence or absence of an FGF-soaked bead. Chick wings were
harvested at day 10 and the skeletal morphology analyzed. We
found that amputation alone resulted in limbs lacking the distal
stylopod, the zeugopod and the autopod. FGF alone typically
resulted in a short thickened stylopod, while SHH alone could
induce stylopod outgrowth with a zeugopod bone and digital
structures. When present in combination, SHH and FGF
application generated a short and thickened stylopod with
distal zeugopod, and digital structures. These data suggest that
SHH by itself may play a role in limb segmentation while a
primary role of FGF may be directed more toward cartilage and
bone formation.
doi:10.1016/j.ydbio.2006.04.092
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Xenopus laevis tadpoles are capable of limb regeneration
following amputation, in a process which initially involves the
formation of a blastema. However, Xenopus has full regener-
ative capacity only through premetamorphic stages. We have
used the Affymetrix X. laevis Genome Genechip\ microarray
to perform a large-scale screen of gene expression in the
regeneration-complete, stage 53, and regeneration-incomplete,
stage 57, hindlimbs at 1 and 5 days post-amputation. Through a
variety of comparative bioinformatic analyses, we have
identified genes that are differentially expressed between the
regeneration-complete and -incomplete stages, detected the
transcriptional changes associated with the regenerating blas-
tema, and compared these results with those of other
regeneration researchers. We focus particular attention on
striking transcriptional activity observed in genes associated
with patterning, stress response, and inflammation. Overall,
this work provides the most comprehensive views yet of a
regenerating limb and different transcriptional compositions of
regeneration-competent and deficient tissues.
doi:10.1016/j.ydbio.2006.04.093
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The tail of Xenopus laevis tadpoles can be amputated at stage
42 and will regenerate skin, musculature, notochord, and neural
tissue that are indistinguishable from that of uncut controls. A
hierarchical drug screen using ion-transporter inhibitors indi-
cated that, in addition to activity of other candidate transporters,
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activity of the proton pumping V-ATPase is necessary for
normal regeneration. Subsequent molecular experiments with
dominant negative subunits of the V-ATPase confirmed the
requirement for functional V-ATPase in this process. Both in
situ hybridization and immunohistochemistry show upregula-
tion of V-ATPase in the tip of cut tails, within hours after
amputation. Because the V-ATPase is electrogenic, we also
monitored membrane potential of control and V-ATPase
inhibited tips and found dramatic changes in the presence of
V-ATPase inhibitors. Most remarkably, injection into fertilized
eggs of mRNA for a hyperactive, single-polypeptide, yeast
proton pump was able to partially rescue tail regeneration from
the effects of a potent V-ATPase inhibitor applied during
regeneration. These results are strong evidence for a critical role
of proton pumping in very early stages of the regeneration of a
complex vertebrate structure.
doi:10.1016/j.ydbio.2006.04.094
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Increased interest in using zebrafish as a model organism
has led to a resurgence of fin regeneration studies. This has
allowed for the identification of a large number of gene
families that are expressed during regeneration. However, in
cases where no specific inhibitor is available for the gene
product of interest, determination of a functional role for these
genes has been difficult. Here we demonstrate that in vivo
electroporation of morpholino oligonucleotides is a feasible
means of gene-knockdown during fin regeneration. Morpholi-
nos against fgfr1 and msxb were utilized. Both knockdown
experiments affected fin outgrowth. Importantly, the fgfr1
knockdown phenocopied outgrowth inhibition obtained with
an Fgfr1 inhibitor. Furthermore, this method provided direct
evidence for a functional role for msxb in caudal fin
regeneration. Knockdown of msxb affects the expression of
bmp4 in blastemas suggesting this technique can be used to
determine epistasis in genetic pathways affecting regeneration.
Thus, this convenient reverse genetic approach allows
researchers to quickly (1) assess the function of genes known
to be expressed during fin regeneration, (2) screen genes for
functional relevance during fin regeneration, and (3) assign
genes to the molecular pathways underlying fin regeneration.
doi:10.1016/j.ydbio.2006.04.095
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Polyamines increase in axotomized neurons of the superior
cervical ganglion (Boeshore et. al., J. Neurobiol. 59:216–235),
suggesting a role in the spontaneous regrowth of axons in this
system following injury. Furthermore, spermidine treatment
results in an increased percentage of PC12 cells that bear
processes (Schreiber et. al., Neurosci. 128:741–749), suggest-
ing a specific role of polyamines in initiation of new processes.
In the present work using PC12 cells, neurite-outgrowth-
promoting effects of all three polyamines, putrescine, spermi-
dine, and spermine, were examined and compared to the effects
of nerve growth factor (NGF). As expected, robust neurite
outgrowth was observed from PC12 cells cultured in the
presence of NGF. All three polyamines also promoted an
increase in neurite outgrowth from PC12 cells. Specifically, the
percentage of cells possessing processes longer than 2 cell
body diameters was significantly increased within 48 hours of
polyamine treatment. When cells were treated with a combi-
nation of NGF and polyamine, the percentage of process-
bearing cells was greater than that observed in cultures treated
with NGF alone. Because polyamine treatment had less of an
effect on overall process length, it was concluded that
exogenously applied polyamines may be involved in initiation
of new processes. Further studies aimed at examining the role
of endogenous polyamines in spontaneous regeneration of
injured neurons are underway. In addition, effort is being made
to elucidate the molecular mechanisms underlying the poly-
amines’ effects in PC12 cells.
doi:10.1016/j.ydbio.2006.04.096
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Inducible expression of noggin in the mouse subventricular
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Neurogenesis is a multifactorial process that occurs in at
least two different areas of the adult brain; the granular layer of
the dentate gyrus and the subventricular zone (SVZ). Several
studies have shown that in the adult CNS, the stem cell niche
in the SVZ is maintained by interactions between bone
morphogenetic proteins (BMPs) and noggin (a secreted
signalling molecule and BMP inhibitor). To determine the
role of noggin in vivo, we developed a transgenic mouse line
that expresses a tetracycline inducible noggin/eGFP cassette
under the control of the CNS restricted nestin gene. Noggin
and eGFP cDNAs were cloned into pBi vector (Clontech) that
contains a bi-directional tetracycline inducible promoter. After
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